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(S) Tough heat shrinkable film structures. 

(57) A multi-layer packaging film comprising layers having varying degrees of cross-linking when 
subjected to electron beam (EB) radiation. The outer layer has a high degree of cross-linking to improve 
the adhesion, strength, toughness and heat resistance of the film and the inner layer has a low degree of 
cross-linking to improve the sealability- Bags made from the multiple layer films are especially useful for 
shrink packaging, and particularly for shrink packaging of meats having large cavities. 
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BACKGROUND OF THE INVENTION 

Heat shrinkable polymer films have gained substantial acceptance for such uses as the packaging of 
meats and other articles of food. This description will detail the usage of films for packaging meat it being 
understood that these films are also suitable for packaging other products such as frozen foods and cheeses. 
Some of the films embodying this invention are normally used as heat shrinkable bags supplied to the meat 
packer with one open end, to be closed and sealed-after insertion or the meat After the product is inserted 
air is normally evacuated, the open end of the bag is closed, such as by heat sealing, or applying a metal clip' 
and finally heat is applied, such as by hot water, to initiate film shrinkage about the meat 

In subsequent processing of the meat the bag may be opened and the meat removed for further cutting 
of the meat into user cuts, for retail sale, for example, or for institutional use. 

Successful shrink bags must satisfy a multiplicity of requirements imposed by both the bag producer and 
the bag user. Of primary importance to the bag user is the capability of the bag to survive physically intact the 
process of being filled, evacuated, sealed dosed, and heat shrunk. The bag must also be strong enough to 
survive the material handling involved in moving the contained meat, which may weigh 100 pounds or more 
along the distnbution system to the next processor, or to the user. Frequently, the meat will have protruding 
bones that will puncture shrink bags that are not sufficiently strong. Thus, the bag must be strong enough to 
physically protect the meat. a a 

It is also highly desirable to the bag user that the bag serve as a barrier to infusion of gaseous material 
from the surrounding environment Of particular importance is provision of an effective barrier to infusion of 
oxygen, since oxygen is well known to cause spoilage of meat 

The bag producer requires a product which can be produced competitively while meeting the performance 
requirements of the user. Thus, the bag material should be readily extrudable. and susceptible to cross-linking 
by irradiation, with sufficient leeway in process parameters as to allow for eff icientf ilm production. The process 
should also be susceptible to efficient extended production operations. In the irradiation process the film pro- 
duced must have improved strength while the inner layer maintains sufficient sealability. 

It is important to users of shrink bags that once the meat or other food article is placed in the bag the bag 
car. be heat sealed to form an air tight bond. Generally, the heat seal is formed by applying heat and pressure 
to the opposing sides of the bag mouth until the opposing inner layers of the film have fused together 

One of the problems encountered when heat sealing bags made from multiple layerf ilms is that the sealing 
process causes the film to become deformed in the area where the heat is applied. A solution to this problem 
known in the art has been to cross-link the film layers by irradiation prior to heat sealing. Cross-linking the 
f i Im provides improved toughness and increases the heat seal temperature range. ~ 

However, cross-linked thermoplastic films are more difficult to melt and produce weaker seals than uni- 
rradiated films when heat sealed. Users require that the seals maintain their integrotu when the bag containing 
meat or other food article is immersed in hot water to shrink the film. A bag with weak heat seals that rupture 
when the bag is shrunk, is of no use. Thus, there is a need for an irradiated multiple layer film which can be 
made into a bag that will have strong seals when heat sealed. 

It is known that heat shrinkable bags for food packaging may be made from multiple layer films in which 
individual layers have different degrees of cross-linking. Such multiple layer films have been fabricated by 
forming and .rradiating the layers individually and then laminating or extrusion coating the layers to form the 
multiple layer film. These multiple step fabrication methods produce a more costly film 

Canadian Patent. 1.1 25,229 discloses a film structure having a heatsealable innerlayerand an outerlayer 
wherein the outer layer is cross-linked to a larger extent then the heat sealable layer. The differential cross- 
inking is ach.eved by adding a cross-linking enhancer compound to the outer layer, forming the structure and 
then .rradiating The irradiation enhancer allows the irradiation dosage to be lowered to a point where the'heat 
sealable inner layer is not adversely affected in its heat sealing characteristics by the radiation. However the 
lower Radiation dosage does not produce a bag with the strength and toughness required by users 
a ha , *! a 4 ' 724,1 76 to Sun disc,oses 3 he * shrinkable container having an unirradiated inner layer 
^"X ra ; d an "J 5 ** 3160 outer ia y»- ™* ^ coextruded and the outer layer is irradiated by precisely 

SE£ T f P . matena ' that the e,eCtron beam irradiation This invention limits the cross- 

l.nkmg to the outer layer and therefore, does not improve the strength of the inner layer by cross-linking 

ti„vw a n; Pater " N £ 5>05 u 5 : 328 to Evert discloses a multiple layer film in which the inner layer contains an an- 
tioxidant cross-linking inhibitor to control the degree of cross-linking. 

th a t « i^SSI?" 4 ' B94 ']°l to Tse disc,oses oriented * ""oriented multiple layer films with barrier layers 
that are .rrad,ated for cross-linking. This invention does notteach the selection of polymers for individual layers 
with different degrees of cross-linking when irradiated. 'noiviauai layers 

Many of the multilayer heat shrinkable films with an uncross-linked inner layer and a cross-linked outer 
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layer previously known in the art were made by extruding the outer layer separately from the inner layer. After 
the outer layer was extruded and irradiated, it would be laminated with the inner layer and any other additional 
layers to form the multilayer film. In the present invention, the additional expense of separately extruding the 
irradiated and unirradiated layers and then laminating the layers together is avoided. All of the layers of the 

5 films in the present invention can be coextruded and the entire film structure can be exposed to EB radiation. 
Such films would be widely accepted by those skilled in the art and meet with substantial commercial success. 

It is an object of this invention to provide multiple layer cross-linked films with improved sealability and 
toughness. It is a further object of this invention to provide a coextruded multiple layer cross-linked film having 
these improvements after subjecting the fabricated multiple layer film structure to a single dose of irradiation. 

10 Another object of this invention is to provide a meat or food article packaging bag that will maintain the integrity 
of heat seals when it is shrunk wrapped. 

It should be understood that the objectives stated in or inferred from this specification do not limit the in- 
vention as defined in the claims. 

Irradiation of polymers causes the formation of covalent bonds between different polymer chains. This 

15 process is called •cross-linking - . The overall effect of cross-linking is that the molecular weight of the polymer 
steadily increases with dose, leading to branched chains, until ultimately a tri-dimensional network is formed. 
This three dimensional network a referred to as the "gel fraction". The gel fractions disclosed herein have been 
determinea in accordance with ASTM D2765. The gel fraction molecules are insoluble while the unlinked mol- 
ecules remain soluble and are referred to as the "sol fraction". These molecules are separated from the network 

20 although they may be highly branchec and can be extracted from the bulk polymer by a process that uses a 
proper solvent Thus, the gel tract on can be easily measured to determine the extent of cross-linking for various 
radiation doses. 

It has been known n the art that rradatxxi of polymeric multiple layer films cross-links the layers and pro- ^. 
duces a film with imp* owti toughness anc strength. However, cross-linking also raises the normal melting tern- .- P J^ 

25 perature of a polymer and cur frequently reduces the heat sealability. Surprisingly, it has been found in the 

practice of this invention ttmi b> the selection of different polymers for the various layers of a multiple layer . ;r 'fR 

film, it is possible to have eaten we cross-linking in one layer and a minimum amount of cross-linking in another ^'^J 
layer when the film is rracfrated This allows the outer layer of a multiple layer film to be cross-linked to provide - ^ 

increased strength and toughness white the inner layer is not cross-linked and retains its heat sealability char- 

30 acteristics. " \ 

SUMMARY OF THE INVENTION ^ 

The multiple layer filrw *i the invention have inner heat sealant layers and outer protective layers that ^ 
35 have different degrees of cross taking when subjected to electron beam irradiation. More significantly, these 
: films experience incipient cross-linking at different levels of irradiation doses. Thus, by the selection of the 
materials for the protective and heat sealant layers as taught by this invention, it is possible to form an irradiated 
multiple layer film having a protective layer with significant crosslinking and a heat sealant layer with only mini- 
mal cross-linking. 

40 The irradiation serves at least two significant purposes. First it enhances the heat resistance of the pro- 

tective layer of the film. This is evidenced by reduced failure rates in packages which have been heat shrunk 
or heat seated. Second, the timing of the irradiation, treatment being after the formation of the multiple layer 
film, substantial freedom ts available in selecting the process for fabricating the multiple layer film. Thus the 
processes which tend to yield higher interfacial adhesion, such as coextrusion, are preferred. Because more 

45 desirable formation processes can be used, the resulting films may have substantially improved interfacial ad- 
hesion over similar films made by less desirable processes. 

The amount of cross-linking in the protective and heat sealant layers is measured by the gel fraction of 
the material after irradiation. The higher the gel fraction, the greater the amount of cross-linking. Irradiation 
doses of from about 2 MR to about 1 0 MR are usea to cross-link the films of this invention. The most preferred 

so irradiation dose for the invention is from about 4 MR to about 6 MR. Within this range, the protective layer un- 
dergoes significant cross-linking that makes thef ilm tougher and gives it added strength, while the heat sealant 
layer undergoes an insignificant amount of cross-linking and maintains its heat sealability. 

A substantial end use for the films of the invention is in the fabrication of heat sealable shrink bags that 
are particularly useful in the packaging of meat, especially meat having bony projections or large cavities. Bags 

55 made according to this invention find particular utility in forming packages which are subjected to high tem- 
perature shrinking processes. 

The bags produced from the films in this invention have the following advantages over bags known to the 
art: 1) the bags are tougher and exhibit superior puncture resistance; 2) the bags have a higher heat seal 



3 



EP 0 613 772 A1 



strength: 3) the bags have a higher burst value; and 4) the increased toughness and higher heat seal strength 
allow the bag machines to be operated at faster speeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a three-layer film of the present invention. 
FIG. 2 is a cross-sectional view of a five-layer film of the present invention. 
FIG. 3 is a plan view of a bag made according to the invention. 
FIG. 4 is a cross-sectional view of the bag of FIG. 3 taken at 2-2 of FIG. 3. 

FIG. 5 is a cross-sectional view of the bag of FIG. 3 taken at 2-2 of FIG. 3. except the film is a 5 layer 
structure. ' 

FIG. 6 is a graph of gel fraction versus radiation dose for EVA and ULDPE. 
DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, it has been found that good heat scalability can be obtained in a multi- 
ayerfilm that has been irradiated. In one embodiment of the invention, a material in the inner heat sealant 
layer such as > ultra low density polyethylene (ULDPE). low density polyethylene (LDPE), linear low density 
polyethylene (LLDPE). very low density polyethylene (VLDPE), or ionomers. having incipient cross-linking at 
a higher radiation dose level than the material in the outer protective layer, produces an irradiated film with 
superior heat seal ability. In one embodimentof this invention, the outer protective layer is comprised of a blend 

u. nPp a fni°r?.Tno C E ^^ n - The ^ ***** ' ayer may De of a copolymer of at least 50% 

ULDPE LDPE. LLDPE. VLDPE or ionomers. The ULDPE is commercially available from Dow Chemical Com- 

S^^^SSiTZS^ IS" T EVA reSi " fe «"■»■"** ™*'able from Exxon as XV-97.06. 
LD-306.09. LD-318.92 or LD-701.06 and DuPont as ELVAX 3129. Interposed between the inner and outer lay- 
ers is a gas bamer layer. ' 

In preferred embodiments of this invention, the outer layer comprises at least 70% EVA resin and in other 
embodiments the outer layer comprises at least 80% and at least 90% EVA resin 

The multiple layerf ilms of this invention are subjected to electron beam (EB) radiation with preferred doses 
in the range of from about 2 megarads to about 10 megarads (MR). 

-•J*", 27 p ' efe t rre f j ! mbodiment <* this invention, the films are subjected to EB radiation doses of from 
aDouc z mk to about 6 MR. 

f rom'abouU toatout 6 MR^ emb ° diment ° f ™ S inventi ° n ' the f ilms are «° « radiation doses of 

ma Jl! m ^ ,tiP ' e layar / i ' rnS " thi8 invention ar « comprised of at least two layers. In a more preferred embodi- 
ment the f ,lm,s provided with an oxygen or flavor barrier core layer. The oxygen or flavor barrier layer is pre- 
ferably a ^vinyhdene , chloride copolymer such as methyl acrylate - polyvinylidene chloride (MA-PVdC) or ethy- 
lene viny. alcohol (EVOH). However, it is not limited to these materials. There may also be present in the film 
m TA"™ J ° r OXy9e " scaven 9 i "9 material. Examples of such materials are disclosed in U S Patent 
Nos. 4.536.409 and 4.702.966 to Farre... U.S. Patent No. 4.856.650 to Inoure. U.S. Patent No. 4 919 984 to 
Maruhashi, U.S. Patent No. 5.021.515 to Cochran, and U.S. Patent No. 4,877,664 to Maeda and £ S Patent 
6^ZT No # f ; 7/761 - 490 * Kim - thedisclosure of which are incorporated herein by referent In L 
layers and additional layers to improve the strength and toughness of the films 

ThoI h f e , mU,t ' Ple K ayer / ilmS in inventk,n te fabricat «<l by conventional processes known in the art 
These Urns can be either oriented or undented. A preferred process includes the steps of coextrusion of the 
enta«on -.^'owed by orientation in one of the conventional processes suS as blown tubula on! 

olSZ ^^ l ° ne T , °: " ?" ^ ° f 3 C ° minUOUS She< * both "■«"■ molecular ^ntation processes. 
Once the multiple layer film has been formed and oriented, it is subjected to electron beam irradiation 

One of the advantages of the films of the present invention is that they can be coextruded and there is 
no need to lammate layers. Similar films known in the prior art were produced by extruding the outer layer 

ThlTe^TV' ^ 'TT°: bef ° re ,aminatin9 * ° nt0 the inner *~ which hadbaa " exSded sepTraSy 
Thus, he ab,l,ty to coextrude the inner and outer layers of the films of the present invention and expose the 
entire film structure to EB radiation provides the user with a significant cost savings 
. I? a T°K nt ° f a,ectron beam ^liation is adjusted, depending on the make-up of the specific film to be 
treated and the end use requirements. Vvl,ile virtually any amount of irradiation wiH 

ofTe' hoT s 222 S5T5 5 m !T ads fe usuaHy preferred in order to achieva desired « .n££S2 

of the hot strength of the film and to expand the range of temperatures at which satisfactory heat seals may 
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be formed. While treatment up to about 50 megarads can be tolerated, there is usually no need to use more 
than 1 0 meaarads, so this is a preferred upper level of treatment; a preferred dosage being from about 2 meg- 
arads to about 6 megarads and the most preferred dosage being from about 4 megarads to about 6 megarads. 
The film is subjected to electron beam irradiation only after the multiple layer film has been formed, and 

5 after molecular orientation, in those embodiments where the film is molecular ly oriented. It should be noted 
that, in the irradiation step, all of the layers in the film are exposed simultaneously to the irradiation source, 
such that irradiation of all the layers of the film takes place simultaneously. 

FIG. 1 shows a three layer coextruded film made according to the invention. Layer 14 is a barrier layer 
which minimizes the transmission of oxygen through the film. The preferred barrier material is MA-PVdC, 

10 EVOH, nylon or a VdC-VC copolymer. Layer 16 is the heat sealant layer and it is composed of a polymer having 
a low degree of cross-linking when subjected to irradiation. A preferred material for the heat sealant layer is 
ULDPE sold by Dow Chemical Company as Dow4201 . However, other copolymers, polymers and blends there- 
of with high dosage incipient cross-linking characteristics may be used (for example Exxon's Exact polymer 
and Mitsui's TAFMER). Layer 18 is the outer protective layer composed of a blend of at least from about 50% 

15 to about 100% EVA and from about 0% to about 50% ULDPE, VLDPE, LDPE, LLDPE or ionomers. The pre- 
ferred blend is from about 80% to about 90% EVA and from about 1 0% to about 20% ULDPE, VLDPE, LDPE, 
LLDPE or inomers. The EVA in these blends can be comprised of one or more different types of EVA. One 
preferred blend is comprised of Exxon's LD-701.06 EVA or DuPonfs ELVAX 3129 EVA, Dow Chemical's AT- 
TANE 4201 ULDPE and Exxon's LD-318.92. 

20 FIG. 2 shows a five layer coextruded film made according to the invention. Layer 114 is a barrier layer 

similar to layer 14. Layer 116 is a neat sealant layer similar to layer 16. Layer 118 is an outer protective layer 
similar to layer 18. Layer 120 is a first protective- adhesive layer composed of a blend of an EVA copolymer, 
preferably an EVA resin with 1 0% VA. Layer 122 is a second protective-adhesive layer comprising a polyethy- 
lene copolymer, preferably ULDPE, VLDPE, LDPE, LLDPE or ionomers. The additional layers in the five layer 

25 film structure provide added adhesion, strength, heat resistance and toughness. 

Preferred EVA's are those having 6% to 12% vinyl acetate (VA) content and having incipient cross-linking 
occur at about 1 to 2 MR and a gel fraction of at least 0.1 5 at 6 MR. Most preferred EVA's are EVA's having a 
vinyl acetate content of about 10%. 

Preferred materials for the heat sealant layer are those having incipient cross-linking occur at about 5 MR 

30 or higher. 

FIG. 3 shows a bag 10 made according to the invention. The empty bag shown is a collapsed, biaxially 
oriented tube with one end closed by a heat seal 12 across the one end of the tube. The other end of the bag 
is open for insertion of meat or other food article, and it is normally dosed and sealed when the meat or food 
article is put into the bag. 

35 The cross-section of the bag in FIG. 4 shows a typical structure where the bag 10 is made from a three- 

layer coextruded plastic film. The heat seal 12 is formed by the application of heat and pressure to fuse the 
heat sealant layers 16 of the two multiple layer films that form the opposing walls of the bag 10. 

The cross-section of the bag in FIG. 5 shows a typical structure where the bag 110 is made from a five- 
layer coextruded film. The heat seal 112 is formed by the application of heat and pressure to fuse the heat 

40 sealant layers 116 of the two multiple layer films that form the opposing walls of the bag 110. 

The overall thickness of films of this invention is nominally the same as the thickness of conventional films 
Films are generally about 2.0 mils thick with a normal range of 1 .0 to 4.0 mils. Films thinner than 1 .0 mils tend 
to be too weak to perform all required functions. Films thicker than 4.0 mils are economically unable to compete 
with thinner competitive films. 

45 Table A shows the structure of typical 3-layer films of this invention. 
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TABLE A 





THICKNESS AND STRUCTURE OF TYPICAL THREE LAYER FILMS 


5 


1. LAYER 


MATERIAL 


THICKNESS (x 10-2 Mils) 




Sealant 


ULDPE 


110 




Barrier 


MA-PVdC 


30 


10 


Protective 


EVA/ULDPE 


80 
220 




2. LAYER 


MATERIAL 


THICKNESS (x 10-2 Mils) 


15 


Sealant 


ULDPE 


100 




Bamer I EVOH 


30 




Protectee 


EVA/ULDPE 


100 


20 






230 




3. LAYER 


MATERIAL 


THICKNESS (x 10-2 Mils) 




Sealant 


ULDPE/EVA 


80 


25 


Bamer 


MA-PVdC 


30 




Protect v« 


EVA/ULDPE/EVA 


80 
190 


30 


4 LAYER 


MATERIAL 


THICKNESS (x 10-2 Mils) 




Sealant 


ULDPE/EVA 


90 




Barrier 


EVOH 


30 


35 


Protective EVA/ULDPE/EVA 


60 








180 



Table B shows the structure of typical 5-layer films of this invention. 
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TABLE B 





THICKNESS AND STRUCTURE OF TYPICAL FIVE LAYER FILMS 


5 


1. LAYER 


MATERIAL 


THICKNESS (x10- 2 Mils) 




Sealant 


ULDPE 




30 




Second Protective 


EVA 




110 


10 


Barrier 


MA-PVdC 




30 




Adhesive 


ULDPE 




30 




First Protective 


EVA/ULDPE 




30 


15 








230 




2. LAYER 


MATERIAL 


THICKNESS (x 10-2 Mils) 






Sealant 


ULDPE 




80 


20 


Second Protective 


EVA/ULDPE 




30 




Barrier 


MA-PVdC 




30 




Adhesive 


ULDPE 




30 


25 


First Protective 


EVA/ULDPE/EVA 




60 










230 




3. LAYER 


MATERIAL 


THICKNESS (x 10-2 Mils) 




30 ' Sealant 

i 


ULDPE/EVA 




60 




Second Protective 


EVA/ULDPE/EVA 




30 




Barrier 


EVOH 




40 


35 


Adhesive 


ULDPE/EVA 




30 




First Protective 


EVA/ULDPE/EVA 




60 










220 


40 


4. LAYER 


MATERIAL 


THICKNESS (x 10~ 2 Mils) 






Sealant 


ULDPE/EVA 




80 




Second Protective 


EVA/ULDPE 




60 


45 


Barrier 


EVOH 




20 




Adhesive 


ULDPE/EVA 




30 




First Protective 


EVA/ULDPE/EVA 




80 


50 








270 



Table C shows the gel fractions for ULDPE and EVA at various irradiation doses. These results are plotted 
on a graph as shown in FIG. 6. 
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TABLE C 



IRRADIATION EB, DOSE, MRAD 


GEL FRACTION 


ULUKb 


r-\ /» 

EVA 


2 


0.03 


0.18 


3 


0.03 


I 0.42 


4 


0.02 


0.38 


5 


0.03 


0.50 


6 


0.04 


0.50 


8 


0.35 


0.62 


10 


0.41 


0.66 


15 


0.56 


0.75 



It is to be understood that the films and the materials disclosed above as well as other films and materials 
which are apparent in view of this specification are not to be considered a limitation of the present invention, 
the scope of which is defined by the claims. 

THE EXAMPLES 

To determine the physical properties of various five layer film structures, twelve films were fabricated. 
These twelve films are listed in Table D and the materials of the individual layers and the irradiation dosage 
they were exposed to are shown for each. (Note films 1 B, 2B, 6B and 8B are not listed because good heat 
seals could not be formed for these structures.) Also, listed as sample number nine is a three layer film known 
in the prior art that was used as a control for comparing the test results of the five layer films. 

The twelve five layer films and the three layer control film were tested to determine tear strength, percent 
haze, gloss, puncture resistance, minimum sealing temperature, seal durability and impact strength. Film sam- 
ples 4A, 4B, 7A and 7B represent film structures of the present invention with 7A and 7B being preferred struc- 
tures. 
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TABLE D 





COMPOSITION OF SAMPLE MULTILAYER FILMS 


5 


SAMPLE 
NO. 


OUTER PROTECTIVE 
LAYER 


OUTER 
TIE LAYER 


OXYGEN 
BARRIER 
LAYER 


INNER 
TIE LAYER 


INNER 

SEALANT 

LAYER 


IRRADIATION 
(DOSAGE) 


10 
15 
20 
25 


1A 
2A 
3A 
3B 
4A 
4B 
5A 
5B 
6A 
7A 
7B 
8A 
9 


3651 
3651 
3651 
3651 
3651 
3651 
3651 
3651 
3651 
3651 
3651 
3651 
3651 


3651 
3651 
3651 
3651 
3651 
3651 
4201 
4201 
4201 
4201 
4201 
4201 


3649 
3649 
3649 
3649 
3649 
3649 
3649 
3649 
3649 
3649 
3649 
3649 
3649 


3651 
3651 
3651 
3651 
3651 
3651 

XV-97.06 
XV-97.06 
XV-97.06 
XV-97.06 
XV-97.06 
XV-97.06 


XV-97.06 

306.09 

318.92 

318.92 

4201 

4201 

306.09 

306.09 

318.92 

4201 

4201 

XV-97.06 
3651 


Medium 

Medium 

Medium 

High 

Medium 

High 

Medium 

High 

Medium 

Medium 

High 

Medium 

Medium 



30 

WHERE: 

Medium irradiation dosage is between 4 and 5.5 megarads and high irradiation dosage is between 5.5 and 
6.5 megarads. 

3651 - is an EVA1/ULDPE/EVA2 blend. EVA1 is an EVA copolymer such as Exxon LD-701 .06. XV-97.06, 318.92 
35 or DuPont ELVAX 3129: ULDPE is a ULDPE copolymer such as Dow ATTANE 4201 and EVA2 is an EVA co- 
polymer such as Exxon LD-31 8.92, LD-701 .06, XV-97.06 or DuPont ELVAX 31 29. 
" v 4201 - is an ethylene alpha-olef in copolymer manufactured by Dow Chemical Company and sold as ATTANE 
4201. 

XV-97.06 - is an EVA copolymer manufactured by Exxon Chemical Co. with 10% vinyl acetate (VA) and a melt 
40 index of 0.3. 

LD-306.09 - is an EVA copolymer manufactured by Exxon Chemical Co. with 5.8% VA and a melt index of 2.0. 
LD-31 8.92 - is an EVA copolymer manufactured by Exxon Chemical Co. with 9.0% VA and a melt index of 2.2. 
3649 - is a Saran comprised of a mehtylacrylate - polyvinylidene chloride copolymer. 

ELVAX 3129 - is an EVA copolymer manufactured by DuPont having 10% VA and a melt index of 0.35 g/10 
45 min. 

LD-701. 06- is an EVA copolymer manufactured by Exxon having 10% VAand a melt index of 0.19 g/10 min. 
TEAR STRENGTH TEST 

50 The comparative tear strengths of the films was measured using an Elmendorf DigiTear Tester, Model No. 

65-200, available from Thwing-Albert Instrument Company, Philadelphia, Pennsylvania. 

The test consisted of; 1 ) preparing seven representative samples of each film; 2) clamping a test specimen 

in the TAIR clamps of the tester, 3) slitting the film with a razor blade to initiate a slit: 4) releasing the pendulum 

of the tester which "exerts a force on the opposing sides of the slit; and 5) recording the digital readout values 
55 of the tester. The digital readout value is the amount of force required to tear the film and it is measured in 

grams. 

Table E below shows the results of the tear strength tests for seven specimens of each of the twelve five 
layer films and the three-layer control film. Each of the specimens was tested for tear strength in the machine 
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direction (MD) and the cross-machine direction (CMD) and the results were averaged. The results indicate that 
the film structures of the present invention (samples 4A, 4B, 7A and 7B) have above average tear strengths 
especially in the machine direction. 



TAfiLEL-E 
TEAR STgFMfiTH fflCT 

Tear strength is measured in grams. 



SAMPLE NO: lfc 

HP CMD 

128 96 

96 128 

112 144 

Xi^ 112 

123 128 

112 128 



AVERAGE; Hi \\\ & *U r*f— W 



SAMPLE NO: 3fi 

*B CHfi 



116 132 

128 100 

120 104 

112 128 

120 100 

120 104 

AVERAGE: Hi \\\ ttt ^ ^ — 



1A 






HB 


CMD 




112 


112 


128 


112 


48 


112 


112 


48 


112 


112 


96 


128 


112 


80 


112 


96 


112 


112 


96 


-U2 


.96 


107 


87 


114 


4A 






he 


CMD 


MD 


152 


64 


160 


148 


140 


176 


156 


64 


160 


180 


132 


148 


184 


76 


172 


156 


96 


152 


172 


120 


176 



3A 

CMD 

128 
128 
112 
144 
112 
96 



121 



1£ 



184 

72 
172 
120 
76 
152 



163 119 



SAMPLE KOl 5jfc 



CMP itc can 



IB 6A 



MD 



120 544 104 

104 368 lie 

108 288 108 

128 304 H2 

128 416 120 

124 192 108 



480 96 272 

132 176 256 

592 96 256 

400 128 224 

448 H2 208 

432 112 368 
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12A 52* 

AVERAGE t 119 377 



5 

SAMPLE NO: 21k 



MD 


CMP 


128 


176 


148 


220 


1S2 


192 


168 


116 


172 


108 


144 


228 


148 


180 


151 


174 



124 


416 


112- 


336 


113 


423 


119 




IB 








MO 


CMP 




CMD 


132 


236 


96 


480 


148 


140 


104 


288 


156 


172 


156 


448 


1S6 


176 


112 


304 


160 


104 


100 


432 


180 


124 


104 


320 


184 


132 


«Q 


352 


1S9 


155 


119 


375 



SAMPLE NO: 9 
20 MD cjffi 

212 
176 
304 
256 
256 
208 
208 
231 



PUNCTURE TEST 

35 The puncture strengths of the twelve five layer films and the three layer control film were measured using 

a compression tester manufactured by Instron Corp. of Canton, Ma. The puncture test measures the amount 
of force needed to rupture a film. This test allows various films to be rated as to their resistance to being punc- 
tured by the contents of a package or by objects outside the package. 

The test procedure consisted of the following: 1) preparing five 3" square representative! i!m samples with- 

40 out delaminations; 2) driving a hemispherical-faced probe having a 6 mm diameter through a film sample being 
held in a circular clamp with the probe in contact with the inner sealant layer of the film; 3) attaching a crosshead 
to the end of the probe that is opposite to the end that is in contact with the film: 4) positioning the probe, cross- 
head and sample holder on the Instron compression cell, 5) compressing the crosshead and the sample holder 
until the probe punctures the sample film, and 6) recording the compression force (measured in pounds) re- 

45 quired to puncture the sample film. 

The puncture strengths of each of the five samples of the five-layer films and the three-layer control film 
are measured and an average puncture strength calculated for each film. The test results are listed below in 
Table F. The results indicate that the f i Ims of the invention (samples 4A, 4B, 7 A and 7B) have excellent puncture 
strengths as compared to the other films tested. 

50 



88 
104 
220 

"3 
240 

140 

22SL 



average: 163 



55 
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TABLE F 

Puncture resistance measured in pounds per square inch. 
SAMPLE NO: 1A 2h 

14.9 14.6 

14.9 14.7 

15.2 14.2 

15.7 14.3 

15.9 14. 1 

AVERAGE: 15.3 14.4 

SAMPLE HO: 5A. 5B 



2A_ 




4A. 


4B 


15.1 


14. S 


IS. 5 


16. 3 


15.5 


14.6 


16.5 


15.5 


15.8 


14.0 


15.4 


16.0 


16. 0 


14.2 


16.4 


14.9 


lS_ t ,2 


13.8 


16.8 


17.0 


15.5 


14.2 


16.1 


15.9 


£A 


7A 


7_B_ 


• 



AVERAGE : 
8AKFLE KO: 

AVERAGE I 



15.4 16.3 

15.6 15.3 

15.9 15.8 

15.8 16.5 

15.? 15.0 

15.6 15.8 



2 

16.3 
14.8 
15-1 
15.7 

15.6 



15.8 18.3 

15.5 18.5 

15.5 18.8 
15.1 16.8 

15. 6 17.7 
15.5 18.0 



18.5 16.3 
19.0 15 . 7 
17.9 16.3 
18.3 16.0 
19-1 16.5 

18.6 16.2 



MINIMUM SEAL TEMPERATURE TEST 

The minimum seal temperature (MST) is the lowest temperature at which a weld seal can be achieved for 
making packaging seals. This test measures the effect of the cross-linking caused by irradiation on the heat 
seal temperature. Irradiation is known to elevate the heat seal temperature and make it more difficult to from 
a seaLThe MST for the twelve five layer films and the three layer control film were measured in accordance 
with ASTM F-88 using a Sentinel Sealer. 

The test was performed as follows: 1 ) two one inch widths of the sample film were cut in either the machine 
direction or the cross-machine direction into strips; 2) the two strips were placed one on top of the other with 
the sealant layers of the opposing films face to face; 3) the two strips of film were positioned in the Sentinel 
Sealer and a pressure of 50 psig for a dwell time of 1 second at an initial seal temperature of 200 °F 4) the 
seal was inspected to determine if an adequate seal had been formed; 5) if an adequate seal was not achieved 
steps 1 through 4 were repeated at a seal temperature 5 °F higher than the previous test until an adequate 
seal was achieved; 6) the test was repeated at least four more times at the seal temperature that was found 
to be adequate to confirm the result; and 6) the minimum seal temperature was recorded for the sample film 

The results for the films tested are listed below in Table G. 
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TABLE <? 

MilUMUin Seal Temperature Test (MST) 
Minimum sealing tmspeiduuic i=> n^asured in °F. 



SAMPLE NO* 


M8T 


1A 


250 


2A 


370 


3A 


245 


3B 


245 


4A 


270 


4B 


280 


5A 


260 


5B 


280 


6A 


250 


7A 


270 


7B 


270 


8A 


270 


9 


245 



25 



SEAL DURABILITY TEST 

30 The seal durability test is used to determine the level of cross-linking in a thermoplastic film resulting from 

electron beam (EB) radiation. This information is helpful in determining the suitability of a film for use with 
particular seal equipment. 

The seal durability test used the Vertrod Impulse Heat Sealer with a motorized strain gauge and consisted 
of the following: 1) preparing six samples of each of the twelve five-layer films and the three-layer control film 

35 by cutting strips 8 inches in length in the machine direction and 1 inch wide in the cross-machine direction; 2) 
folding the sample strip in half along the cross-machine axis so that the sealant layers are on the inside; 3) 
clamping a strip of sample film in place between the sealing jaws of the Vertrod Heat Sealer and attaching 
one end to the strain gauge; 4) heat sealing the sample film by actuating the heater element ana applying 30 
psig pressure for a dwell time of 0.7 seconds; 5) activating the strain gauge motor as the sea! bar raises; 6) 

40 measuring the seal durability as the motorized strain gauge stretches the heat seal and determining the peak 
force required to stretch the film at the heat seal; 7) visually examining the seal for burn through and/or stretch- 
ing; and 8) recording the maximum value measured by the strain gauge. 

The results of the seal durability test are listed below in Table H. The results indicate that the films of the 
invention (samples 4A, 4B f 7A and 7B) have average seal durability but are less likely to peel than most of the 

45 other films tested. 
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TABLE H 

seal Durability Test 

5 

Seal Durability is measured in ounces. 



SWLE MO: 24 3a Jfl ^ 48 

10 16.5 M8 12. S MB 15.0 MB 1S.0 MB 15.0 MB 17.0 MB 

tS-0 M8 12.0 MB 13.0 MB 15.0 n8 13.5 MB 16.0 MB 

9.5 P 10.$ MS 12.0 N8 11.0 MB 11.0 MB 15.0 NB 

U.O P 13.0 MB 13.5 MB 15.0 MB 15.5 MB 16.0 MB 

13.0 P 10.5 MB U.O MB U.O MB 14.0 MB H.5 NB 

11-5 P 11.0 MB 12.5 MB 15.5 MB U.O MB 14.5 MB 

AVERAGE; 13.2 11.6 13.3 13.3 14.2 15l 



15 



SAMPte MO: 5* 58 6£ 7B 8A 

15.0 P 15.0 P 12.0 P 11.0 MB 13.0 MS 13.S P 

15.0 MB 11.0 P 14.5 P 13.0 MB 11.5 NB 15.0 MB 

12.0 P 16.0 P 16.5 MB 12.5 MB 13.5 MS 14.0 P 

10.5 P 17.3 MB 15.5 P 14.0 MB 13.0 MB 12.0 MB 

10.0 MB 15.0 P 16.0 P 10.0 KB 15.0 MB 25.0 P 



20 

AVERAGE: 



16.0 MB 17.Q MB 12.0 P 10.0 MB 10.5 MB 22.0 P 



SAMPLE MO: 9 

2S 12.0 M8 

12.0 MB 
10.0 MB 
11.5 MB 
11.0 MB 

AVERAGE: 10.6 
30 us » Mo br«ak ef ter peak Force. 



• Peeling ef the teyerc was observed. 



35 HAZE TEST 

Haze is a basic measure of film clarity. Haze is defined as the amount of light that is scattered as light 
passes through a film. 

The haze test was performed in accordance with ASTM D-1003 using a Pacific ScientificXL-211 Hazegard 
40 System. The test was performed on the twelve five layer sample films and the three-layer control film and 
consisted of: 1) preparing samples for each film by cutting the films into five 4 inch square specimens; 2) pos- 
itioning a sample on the Hazegard System; 3) measuring the percent haze using an integrating sphere to collect 
light scattered by the sample film; and 4) recording the percent haze. 

The results of the haze test are recorded below in Table I. 

45 



50 
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TABLE I 

Whze Test 

Haze is measured as the percentage of scattered light. 

8 AMPLE MO: 1A 2A_ IA 2E_ 1B - 

1A ? 13 1 14.4 13.3 10-0 9.66 

li:? lt.9 14.3 12.4 10.7 10.5 

14.7 11-7 14.8 13.8 11.0 12.1 

11 9 11.1 H.7 13.8 10.9 12.4 
{ill 13. m 13.0 14.3 12.2 10., 

12 0 13.3 12.2 13.0 9,2* i^- 1 
« AVERAGE: frS"" titi" thT 13-4 10.7 10.9 



SAMPLE MO: fK. 2fi- ^ — — 

10. « 10.9 11.2 9-37 13.5 9 35 

H.S 10. V 11.5 10.3 11-6 11-2 

11.8 12.6 11-5 12.7 11-2 

i:.0 -3.6 10.3 11.8 10.5 11.7 

l- 4 11.8 10.5 10.8 9.87 11.5 

AVERAGE: 12.: 12.1 11.0 10.8 11.7 11-3 



30 SAMPLE HO: 



a. 98 
11.10 
9.61 

35 6.34 

8.52 

ft. 71 



AVERAGE: 9.2 



40 



GLOSS TEST 

Gloss is a surface optical property of a film relating to the deflection of light Gloss is measured as the 
45 percentage of light secularly reflected from the surface of the film. The Macbeth Lab-Gloss instrument was 
used to measure the gloss of the twelve five-layer sample films and the three-layer control film. 

The gloss test consisted of the following: 1) preparing samples for each of the films by cutting the films 
into 4 inch square specimens. 2) positioning a sample on the Macbeth Lab-Gloss instrument; 3) reflecting a 
beam of light from a light Source onto the surface of the film sample at a 45 degree angle; 4) measuring the 
50 percentage ot light reflecting from the surface; and 5) recording the results. 
The gloss test results were recorded in Table J below. 



55 
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TABLE J 
Gloss Test: 

Gloss is measured as the percentage of light reflected when a 
light strikes the surface at a 45 degree angle. 



1A 




2h 


3JL 


1A_ 


4B_ 


65,3 


62.5 


62.6 


61.5 


68. 5 


69.0 


65.4 


63,9 


64.5 


63.8 


70.4 


68.3 


63.8 


65.6 


60-4 


65.0 


67.7 


66.8 


61.9 


67, 1 


65.9 


64. 1 


67.7 


63 .7 


65.9 


67,4 


64.8 


63.4 


67.4 


69.3 


66.8 


65.8 


66.5 


62.? 


69. 4 


68.0 


64.8 


65.3 


64.1 


63.4 


68.5 


67 . 5 



8 AMPLE VO: 



AVERAGE: 

SAMPLE HO. : 9_ 

68.2 
68.9 
67.2 
68.5 
63.9 
6B.7 

AVERAGE: 67.5 



5h 


5B 


6A_ 


2A- 


2£_ 


8j^_ 


69.3 


67.4 


68.3 


64.8 


61.0 


67.9 


69.9 


69. 3 


65.0 


68.6 


63.8 


68.9 


65.2 


66.2 


69.1 


64.7 


63.2 


68.1 


64.3 


68.8 


68.3 


62.8 


60.9 


68. 3 


64.0 


69. 3 


70.0 


67.2 


64 .4 


68.6 


68. O 


68. 1 


68.7 


67.5 


61.5 


69.5 


66.7 


68.1 


68.2 


65.9 


62.4 


68. 5 



IMPACT STRENGTH TEST 

The impact strength test is used to determine the total energy impact strength of a film structure by meas- 
uring the kinetic energy lost by a free-falling dart that passes through the film. This test is useful in predicting 
the performance of a film used for packaging. The test simulates the action encountered in applications where 
moderate velocity blunt impacts occur in relatively small areas of the film. 

The impact strength test uses a Kayeness Energy Absorption Impact Tester (EAIT) and consists of the 
following: 1) preparing samples for each of the twelve five-layer films and the three-layer control film by cutting 
the films into five 8-inch square specimens; 2) positing a sample films on the EAIT; 3) dropping a 35 pound 
probe having a 1 1/2 inch diameter tip through the sample film: 4) measuring the force of the probe as it strikes 
a load cell positioned below the sample film; 5) determining the impact strength of the sample film by calcu- 
lating the kinetic energy that is lost when the probe passes through the film: and 6) recording the test results. 

The test results are listed in Table K below. The results indicate that the films of the invention (samples 
4A, 4B, 7Aand 7B) have above average impact strengths. 
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TABLE K 

Impact: Strength Test: 

The impact energy is measured in foot-pounds 
SAMPLE NO. 



AVERAGE : 
SAMPLE NO. 



AVERAGE 2 



1A 


2A 


2A 


22 


5.96 


5.25 


6.05 


4 .83 


5.49 


5.95 


6.33 


5.76 


5.45 


5.84 


6.33 


4.79 




5.47 


6.07 


4.92 




5.56 


6.07 


6.00 








5.83 


5.64 


5.61 


6.17 


5.35 


1A 


ifi 


Sh 


££ 


8.42 


9.45 


6.10 


6.83 


9.44 


9.41 


6.52 


6.89 


6.20 


7.81 


7.66 


6.42 


7.90 


8.51 


7.31 


7.17 


8.30 


8.30 


6.48 


6.29 




9.14 


6.98 




8.05 


8.77 


6.84 


6.72 
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SAMPLE NO. 

AVERAGE i 
SAMPLE MO. 

AVERAGES 



6 - 83 7.79 

7 - 00 10.00 

5 -ei H.27 

6.08 10.29 
5-42 9.35 
8.60 



T755 



2 

8.40 
7.14 
7.95 
6.87 
7.57 
7.86 



Zfi 


8A 


9.89 


6.21 


11.25 


6.98 


12.11 


7.11 


11.19 


7.04 


11.02 


7.09 


13.24 


7.44 



Claims 
1. 



An irradiated multpte layer polymeric film comprising: 

a) an outer protective layer. 

b) an inner heat sealant layer. 



«.ns, ly pc, w , M „.. ,„„r ^^^^Z^"','':^ P-»-W~. low 
as Surlyn. ^'yeinyiene, very low density polyethylene and ionomers such 

mers such as Surlyn. y po, > rein y ,ene . v *ry low density polyethylene and fono- 



7. An irradiated multiple layer film comprising- 
a) an outer protective layer; 
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b) an inner heat sealant layer; 

c) a barrier layer disposed between said outer protective layer and said inner heat sealant layer; 

d) a first protective-adhesive layer disposed between said inner heat sealant layer and said barrier lay- 
er; 

5 e) a second protective-adhesive layer disposed between said outer protective layer and said barrier 

layer; 

wherein said inner heat sealant layer has a dose level of incipient cross-linking higher than the dose level 
of incipient cross-linking of said outer protective layer. 

10 8. An irradiated multiple layer film according to Claim 7 wherein said inner heat sealant layer is comprised 
of at least from 50% to 100% of a material selected from the group consisting of ULDPE, VLDPE, LDPE, 
LLDPE and ionomers such as Surlyn and said outer protective layer is comprised of a blend of from at 
least 50% to 100% EVA resin. 

15 9. An irradiated multiple layer film according to Claim 8 wherein said first protective-adhesive layer is com- 
? prised of a blend of from 50% to 100% EVA resin and from 0% to 50% of a material selected from the 

group consisting of ULDPE, LDPE, LLDPE, VLDPE and ionomers such as Surlyn. 

10. An irradiated multiple layer film according to Claim 9 wherein said second protective-adhesive layer is 
comprised of at least from 50% to 1 00% of a material selected from the group consisting of ULDPE. LDPE, 

20 LLDPE. VLDPE and ionomers such as Surlyn. 

11. A multiple layer film according to any one of Claims 6 to 10 wherein said barrier layer is a polyvinyl idene 
chloride copolymer. 

25 12. Amuliipie layerf ilm according to Claim 11 wherein said polyvinylidene chloride copolymer is a copolymer 
of polyvinylidene chloride and methyl acrytate. 

13. A multiple layer film according to any one: of Claims 6 to 10 wherein said barrier layer is ethylene vinyl 
alcohol. 

30 

14. An irradiated multiple layer film according to any preceding claim wherein said film is subjected to from 
about 2 MR to about 10 MR of irradiation. 

15. An irradiated multiple layer film according to any preceding claim wherein said film is oriented and sub- 
35 jected to from about 2 MR to about 10 MR of irradiation. 

16. A heat shnnkable bag made from an irradiated multiple layer film in any preceding claim. 



40 
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